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(57) ABSTRACT

Embodiments of the present invention provide a measuring
device with a receiver coil array and evaluator. The receiver
coil array 1s configured to detect three magnetic field com-
ponents of a magnetic field of a conductor loop array
generated by an electric alternating current signal and to
provide a magnetic field component signal for each of the
detected three magnetic field components. The evaluator 1s
configured to evaluate the magnetic field component signals
in order to determine the phase relation to the electric
alternating current signal allocated for the magnetic field
component signals, wherein the phase relations each include
coarse position information of the conductor loop array
relative to the conductor loop array and wherein the evalu-
ator 1s configured to determine a resulting intersection of the
coarse position information, wherein the resulting intersec-
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Detecting three magnetic field components
of 2 magnetic field of a conductor loop array
generated by an electric alternating current signal, 2072
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along linearly independent directions

Providing a magnetic field component signal for each
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wherein the conductor loop area Is within a plane that Is
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£nabling data transmission between the data transmission device
and the further gata transmission device it the projection
of the receiver coil array perpendicular to the 228
conductor loop area Is Inside or outside
the conductor loop area
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COIL COVERAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of copending Interna-
tional Application No. PCT/EP2015/0678277, filed Aug. 3,
2015, which 1s incorporated herein by reference in 1its
entirety, and additionally claims priority from German
Application No. 10 2014 215 350.6, filed Aug. 4, 2014,
which 1s also incorporated herein by reference 1n 1ts entirety.

Embodiments of the present invention relate to a measur-
ing device, a positioning system and a measuring method.
Further embodiments relate to a data transmission device, a
data transmission system and a method for data transmission
with predetermined position. Some embodiments relate to a
coil coverage.

BACKGROUND OF THE INVENTION

Systems for wireless energy transmission by means of
coils (magnetic field) depend, as regards to their efliciency,
heavily on the correct alignment and hence suflicient cou-
pling of a transmitter and receiver coil. Even small devia-
tions from the 1deal position have a strong eflect on the
obtainable signal strength at the receiver and on the system
ciliciency.

Currently, several approaches exist for ensuring exact
positioning. Mechanical fixing of the coil by means of
housing shape or magnets, whereby primary and secondary
coils are forced to the correct position, 1s known. Further,
one-sided usage of a coil array 1s known which 1s optimally
wired according to the position of the other transmission
side. Further, moveable coils on a transmission side are
known, which are guided to the optimum position by mea-
suring the coupling between two coils. Above that, specific
coll geometries are known, which allow a wider field
distribution and hence more position-tolerant positioning.

However, the above-described approaches for positioning
coils are either very expensive to implement or not suitable
for positioning mobile coils.

SUMMARY

According to an embodiment, a measuring device may
have: a recerver coil array that 1s configured to detect three
magnetic field components of a magnetic field of a conduc-
tor loop array generated by an electric alternating current
signal and to provide a magnetic field component signal for
cach of the detected three magnetic field components,
wherein the receiver coil array 1s configured to detect the
three magnetic field components along linearly independent
directions; and evaluation means that 1s configured to evalu-
ate the magnetic field component signals for determining,
for the magnetic field component signals, allocated phase
relations to the electric alternating current signal, wherein
the phase relations each include coarse position information
of the recerver coil array relative to the conductor loop array,
and wherein the evaluation means 1s configured to determine
a resulting intersection of the coarse position information,
wherein the resulting intersection includes fine position
information of the receiver coil array relative to the con-
ductor loop array.

According to another embodiment, a positioning system
may have: an inventive measuring device; and a conductor
loop array.

10

15

20

25

30

35

40

45

50

55

60

65

2

Another embodiment may have the usage of an inventive
measuring device for positioning a vehicle on a charging
device for charging an electric energy storage of the vehicle,
wherein the charging device includes the conductor loop
array.

According to another embodiment, a measuring method
may have the steps of: detecting three magnetic field com-
ponents ol a magnetic field of a conductor loop array
generated by an electric alternating current signal, wherein
the magnetic field components are detected along linearly
independent directions; providing a magnetic field compo-
nent signal for each of the detected three magnetic field
components; and evaluating the magnetic field component
signals for determiming, for the magnetic field component
signals, allocated phase relations to the electric alternating
current signal, wherein the phase relations each include
coarse position mnformation of the recerver coil array relative
to the transmitter coil array; wherein evaluating includes
determining a resulting intersection of the coarse position
information, wherein the resulting intersection includes/
results in {ine position information of the receiver coil array
relative to the conductor loop array.

Another embodiment may have a non-transitory digital
storage medium having a computer program stored thereon
to perform the measuring method, the method having the
steps of: detecting three magnetic field components of a
magnetic field of a conductor loop array generated by an
clectric alternating current signal, wherein the magnetic field
components are detected along linearly independent direc-
tions; providing a magnetic field component signal for each
of the detected three magnetic field components; and evalu-
ating the magnetic field component signals for determining,
for the magnetic field component signals, allocated phase
relations to the electric alternating current signal, wherein
the phase relations each include coarse position information
of the recerver coil array relative to the transmuitter coil array;
wherein evaluating includes determining a resulting inter-
section of the coarse position information, wherein the
resulting intersection includes/results 1n fine position infor-
mation of the receiver coil array relative to the conductor
loop array, when said computer program 1s run by a com-
puter.

According to another embodiment, a data transmission
device may have: a data transceirver; a receiver coil array that
1s configured to detect at least one magnetic field component
of a magnetic field of a conductor loop array generated by
an electric alternating current signal of a further data trans-
mission device and to provide a magnetic field component
signal for the detected magnetic field component; evaluation
means configured to evaluate the magnetic field component
signal for determining a phase relation between the magnetic
field component signal and the electric alternating current
signal, wherein the phase relations include position infor-
mation indicating whether a projection of the receiver coil
array 1s perpendicular to a conductor loop area inside the
conductor loop area, wherein the conductor loop area 1is
within a plane spanned by the conductor loop array, and
wherein the conductor loop area 1s limited by the conductor
loop array; and control means configured to enable data
transmission of the data transcerver only when the projection
of the recerver coil array i1s perpendicular to the conductor
loop area inside or outside the conductor loop area.

According to another embodiment, a data transmission
system may have: an inventive data transmission device; and
a further data transmission device with the conductor loop
array.
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According to another embodiment, a method for data
transmission between a data transmission device and a
further data transmaission device may have the steps of:
detecting a magnetic field component of a magnetic field of
a conductor loop array generated by an electric alternating
current signal; providing a magnetic field component signal
for the detected magnetic field component; evaluating the
magnetic field component signal for determining a phase
relation between the magnetic field component signal and
the electric alternating current signal, wherein the phase
relations include position information indicating whether a
projection of the receiver coil array 1s perpendicular to a
conductor loop area inside the conductor loop area, wherein
the conductor loop area 1s within a plane that 1s spanned by
the conductor loop array and wherein the conductor loop
area 1s limited by the conductor loop array; enabling data
transmission between the data transmission device and the
further data transmaission device 1f the projection of the
receiver coil array perpendicular to the conductor loop area
1s 1nside or outside the conductor loop area.

Embodiments of the present mnvention provide a measur-
ing device with a receiver coil array and evaluation means.
The recerver coil array 1s configured to detect three magnetic
field components of a magnetic field of a conductor loop
array generated by an electric alternating current signal and
to provide a magnetic field component signal for each of the
detected three magnetic field components. The evaluation
means 1s configured to evaluate the magnetic field compo-
nent signals for determining the allocated phase relation to
the electric alternating current signal for the magnetic field
component signals, wherein the phase relations each com-
prise coarse position information of the conductor loop relay
relative to the conductor loop array, and wherein the evalu-
ation means 1s configured to determine a resulting intersec-
tion of the coarse position information, wherein the resulting,
intersection comprises or results 1n {ine position information
of the recerver coil array relative to the conductor loop array.

According to the concept of the present mnvention, a
position of a recerver coil array relative to a conductor loop
array emitting a magnetic field can be determined by detect-
ing three components of the magnetic field along linearly
independent directions to obtain magnetic field component
signals, wherein the phase relation of these magnetic field
component signals to an electric alternating current signal
generating the magnetic field comprises coarse position
information of the receiver coil array relative to the con-
ductor loop array. Due to the fact that the magnetic field
components are detected along linearly independent direc-
tions, the coarse position mformation that can be inferred
from the phase relations between the magnetic field com-
ponent signals and the electric alternating current signal are
also independent, such that by forming the intersection of
the coarse position information, fine position information of
the receiver coil array relative to the conductor loop array
can be determined.

In embodiments, the measuring device can be used, for
example, for positioning a vehicle on a charging device for
charging an electric energy storage of the vehicle, wherein
the charging device comprises the conductor loop array.

Further embodiments provide a measuring method. The
measuring method includes a step of detecting three mag-
netic field components of a magnetic field of a conductor
loop array generated by an electric alternating current signal,
wherein the magnetic field components are detected along,
linearly independent directions; a step of providing a mag-
netic field component signal for each of the detected three
magnetic field components; and a step of evaluating the
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4

magnetic field component signals for determining, for the
magnetic field component signals, allocated phase relations
to the electric alternating current signal, wherein the phase
relations each comprise coarse position mformation of the
receiver coil array relative to the transmitter coil array,
wherein evaluating comprises determining a resulting inter-
section of the coarse position information, wherein the
resulting 1ntersection comprises/results 1 fine position
information of the receiver coil array relative to the con-
ductor loop array.

Further embodiments provide a data transmission device
with a data transceiver, a receiver coil array, evaluation
means and a control device. The recerver coil array 1s
coniigured to detect at least one magnetic field component of
a magnetic field of a conductor loop array generated by an
clectric alternating current signal of a further data transmis-
sion device and to provide a magnetic field component
signal for the detected magnetic field component. The evalu-
ation means 1s configured to evaluate the magnetic field
component signal for determining a phase relation between
the magnetic field component signal and the electric alter-
nating current signal, wherein the phase relation comprises
position mnformation indicating whether a projection of the
receiver coil array 1s perpendicular to a conductor loop area
inside the conductor loop area, wherein the conductor loop
area 1s within a plane that 1s spanned by the conductor loop
array and wherein the conductor loop area 1s limited by the
conductor loop array. The control device 1s configured to
enable data transmission of the data transceiver only when
the projection of the receiver coil array perpendicular to the

conductor loop area 1s 1nside or outside the conductor loop
area.

Further embodiments provide a method for data transmis-
s1on between a data transmission device and a further data
transmission device. The method includes detecting a mag-
netic field component of a magnetic field of a conductor loop
array generated by an electric alternating current signal;
providing a magnetic field component signal for the detected
magnetic field component; evaluating the magnetic field
component signal for determining a phase relation between
the magnetic ficld component signal and the electric alter-
nating current signal, wherein the phase relations comprise
position mmformation indicating whether a projection of the
receiver coil array 1s perpendicular to a conductor loop area
inside the conductor loop area, wherein the conductor loop
area 1s within a plane that 1s spanned by the conductor loop
array, and wherein the conductor loop area 1s limited by the
conductor loop array; and enabling data transmission
between the data transmission device and the further data
transmission device if the projection of the receiver coil
array perpendicular to the conductor loop area is 1nside or
outside the conductor loop area.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

Embodiments of the present invention will be detailed
subsequently referring to the appended drawings, 1n which:

FIG. 1a 1s a schematic block diagram of a measuring
device according to an embodiment of the present invention;

FIG. 15 1s a schematic view of a vehicle with correct
positioning and incorrect positioning on a charging device
with a conductor loop array for charging the vehicle;

FIG. 2 1s a schematic view of a conductor loop array and
a receiver coil array with a z coil as well as 1n a diagram a
curve of the magnetic field component signal of the z coil
when the receiver coil array, with the z coil, crosses a first
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conductor region ol the conductor loop array along the
direction of movement shown in FIG. 2;

FIG. 3 1s a schematic view of the conductor loop array, a
cross-section of the current carrying second conductor
region of the conductor loop array together with field lines
of the magnetic field generated by an unbalanced alternating
current signal, as well as 1n a first diagram a curve of a
voltage imnduced at a first position of the receiver coil array
into the z coil plotted over time and 1n a second diagram a
curve of a voltage induced at a second position of the
receiver coil array into the z coil plotted over time;

FIG. 4a 1s a schematic view of the conductor loop array
and the z coil of the receiver coil array;

FIG. 45 1s a schematic view of the conductor loop array,
the x coi1l of the recerver coil array, cross-sections of the first
and second current-carrying conductor region ol the con-
ductor loop array as well as field lines of the magnetic field
caused by the current flow through the first conductor region
and the second conductor region;

FIG. 5a 1s a schematic view of three x coarse regions of
a positioning area that the measuring means can determine
based on the magnetic field component signal of the x coail;

FIG. 5b 1s a schematic view of three y coarse regions of
a positioning area that the measuring means can determine
based on the magnetic field component signal of they coail;

FIG. 5¢ 1s a schematic view of three z coarse regions of
a positionming area that the measuring means can determine
based on the magnetic field component signal of the z coil;

FIG. 6a shows 1n a schematic view, coarse regions that are
indicated by the coarse position information of the phase
relations of the magnetic field component signals of the x
coil, vy coil and z coil, as well as a fine region resulting from
the 1ntersection of the indicated coarse regions;

FIG. 65 shows 1n a schematic view, coarse regions that are
indicated by the coarse position information of the phase
relations of the magnetic field component signals of the x
coil, y coil and z coil, as well as a fine region resulting from
the 1ntersection of the indicated coarse regions;

FIG. 6¢ shows 1n a schematic view, coarse regions that are
indicated by the coarse position information of the phase
relations of the magnetic field component signals of the x
coil, y coil and z coil, as well as a fine region resulting from
the 1ntersection of the indicated coarse regions;

FIG. 7 1s a schematic view of the conductor loop array as
well as the positioning area limited by a circle and allocated
to the conductor loop array;

FIG. 8a 15 a schematic view of a conductor loop array and
a measuring device with three receiver coil arrays;

FI1G. 8b 15 a schematic view of a conductor loop array and
a measuring device with three receiver coil arrays;

FIG. 9 1s a flow diagram of a measuring method according,
to an embodiment of the present invention;

FIG. 10 1s a schematic block diagram of a data transmis-
sion device according to an embodiment of the present
invention;

FIG. 11 1s a schematic block diagram of a conductor loop
array as well as a correctly positioned z coil and an incor-
rectly positioned z coil;

FIG. 12 1s a flow diagram of a method for data transmis-
sion between a data transmission device and a further data
transmission device.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In the following description of embodiments of the pres-
ent 1nvention, 1identical or equal elements are provided with
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6

the same reference numbers such that the description of the
same 1s mutually exchangeable.

FIG. 1a shows a schematic block diagram of a measuring
device 100 according to an embodiment of the present
invention. The measuring device 100 comprises a receiver
coil array 102 and an evaluation means 104.

The receiver coil array 102 1s configured to detect three
magnetic field components of a magnetic field 108 of a
conductor loop array 110 generated by an electric alternating
current signal 106 and to provide a magnetic field compo-
nent signal 112 for each of the detected three magnetic field
components.

The evaluation means 104 1s configured to evaluate the
magnetic field component signals 112 for determining, for
the magnetic field component signals 112, allocated phase
relations to the electric alternating current signal 106,
wherein the phase relations each comprise coarse position
information of the receiver coil array 102 relative to the
conductor loop array 110, and wherein the evaluation means
104 15 configured to determine a resulting intersection of the
coarse position mformation, wherein the resulting intersec-
tion comprises or results in fine position information of the
receiver coil array 102 relative to the conductor loop array
110.

The receiver coil array 102 1s configured to detect the
three magnetic field components along linearly independent
directions. FIG. 1 shows exemplarily a coordinate system
having three linearly independent directions along which the
receiver coil array 102 can detect the three magnetic field
components of the magnetic field 108.

In embodiments, the receiver coil array 102 can comprise
three coils 116_1 to 116_3 that are arranged relative to one
another i order to detect the three magnetic field compo-
nents of the generated magnetic ficld 108 of the conductor
loop array 110.

Each of the three coils 116_1 to 116_3 can provide one of
the three magnetic field component signals 112. For
example, a first co1l 116_1 of the three coils 116_1 to 116_3
can provide a first magnetic field component signal of the
three magnetic field component signals, while a second coil
116_2 of the three coils 116_1 to 116_3 can provide a second
magnetic field component signal of the three magnetic field
component signals, while a third coil 116_3 of the three coils
116_1 to 116_3 can provide a third magnetic field compo-
nent signal of the three magnet field component signals.

In embodiments, the receiver coil array 102 can be
configured to detect the three magnetic field components
along orthogonal directions. In this case, for example, the
coordinate system shown 1n FIG. 1 can be Cartesian (X, y z
coordinate system), wherein the first coil 116_1 of the three
coils 116_1 to 116_3 of the receiver coil array 102 can be
arranged parallel to an x axis of the Cartesian coordinate
system, while the second coil 116_2 of the three coils 116_1
to 116_3 of the receiver coil array 102 can be arranged
parallel to an y axis of the Cartesian coordinate system, and
wherein the third coil 116 3 of the three coils 116 1 to
116_3 of the recetrver coil array 102 can be arranged parallel
to a z axis of the Cartesian coordinate system.

In the following description, 1t 1s assumed 1n a simplified
manner that the recerver coil array 102 1s configured to
detect three magnetic field components along an orthogonal
direction, 1.e., parallel to x, y, z axes of the Cartesian
coordinate system. However, 1t should be noted that the
invention 1s not limited to such embodiments. Rather, the
receiver coil array 102 can be configured to detect magnetic
field components of the magnetic field 108 of the conductor
loop array 110 along linearly independent directions.
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Further, 1t should be noted, although FIG. 1 shows a
circular conductor loop array 110, the invention i1s not
limited to such embodiments. Rather, the conductor loop
array 110 can have any shape, such as a rectangular, square,
triangular, polygonal or circular shape.

When ftransmitting data and/or energy by means of
coupled coils (conductor loop arrays), exact positioning of
the coils mvolved 1n the transmission with respect to one
another 1s decisive for eflicient and error-free transmission.
By a specific signal shape emitted by a coil and (transmutter)
conductor loop array 110, respectively, and received by a
turther coil and (recerver) conductor loop array, respectively,
the alignment of the two coils to one another can be
determined based on the received signals and the offset of
the coils to one another can also be determined. With this
information, the alignment of the coils to one another can be
corrected and 1n that way transmission can be optimized.
Additionally, in a communication system, the orientation of
the 1nvolved coils to one another can be examined.

Thus, 1n data and/or energy transmission systems having
coils (conductor loop arrays, transmitter conductor loop
array and receiver conductor loop array) the measuring
device 100 enables to obtain information on the alignment
and orientation of the mvolved coils to one another. With
this information, optimizing the arrangement in erroneous
positioning 1s possible for obtaining higher transmission
ciliciency. Thereby, 1t 1s also possible to ensure that the
involved coils are positioned to one another as desired. This
1s particularly of interest when several systems are 1n direct
proximity and wrong allocations of communication partners
could result, for example due to overshoots.

FIG. 16 shows a schematic view of a vehicle 114 with
correct positioning 115_1 and incorrect positioning 115_2
on a charging device 117 with a conductor loop array 110 for
charging the vehicle. The conductor loop array 110 (trans-
mitter conductor loop array) can be incorporated or inte-
grated, for example, 1n a floor of the charging device and the
charging area 117. The vehicle 114 can also comprise a
conductor loop array (receiver conductor loop array) 111,
wherein energy transmission can take place from the charg-
ing area to the vehicle 114 via the conductor loop arrays 110
and 111. When the conductor loop arrays 110 and 111 are not
correctly positioned (115_2), 1.e., do not cover each other
completely, energy transmission and hence charging an
clectric energy storage of the vehicle 114 1s reduced or
impossible due to the non-optimum coupling between the
conductor loop arrays 110 and 111.

The measuring system 100 shown 1 FIG. 1a can be used
for positioning the vehicle on the charging device 117. For
this, the recerver coil array 102 of the measuring system 110
can be positioned, for example, at a predetermined position
relative to the receiver coil array 111 or at a geometric
centroid and center of the receiver coil array 111, respec-
tively. Based on the fine position information determined by
the evaluation means, 1t can now be determined whether the
vehicle 1s positioned correctly 115_1 or incorrectly 115_2.

Embodiments solve the object of localizing the position of
a mobile conductor loop array and mobile coil (e.g., charg-
ing coil 1 an electric car) 111, respectively, as part of an
inductively coupled charging system 1n relation to the sta-
tionary primary coil 110 and to derive thereifrom control
information for the movement of the mobile coil 111 (ve-
hicle) mn order to maneuver the mobile coil 111 i the
position that 1s optimum for charging and/or communicat-
ing. FIG. 15 shows such a system with a transmaitter coil 110
and a recerver coil 111 mounted on a mobile vehicle 114
(opposite thereto on a parallel plane), positioned to one
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another 1n an optimum manner (on the left) 115_1 and 1n a
non-optimum manner (on the right) 115 2. If this 1s no
inductive charging system, but, for example, a contact
charging system, control information for an automatic cou-
pling system can still be obtamned via a respective coil
system. Generally, data for positioning such systems can be
obtained at short range (maximum of several meters).

Embodiments allow a determination where a recetver coil
1s located with regard to the transmitter coil 110. When
several receiver coils exist, the alignment of the receiver
system to a transmitter coil 110 can be determined from a
known orientation of these receiver coils to one another and
the signals received by the same. With the obtained signals,
positioning of the transmission system to one another can be
optimized. Since the determined values can be directly
converted 1n position indications, this method 1s more exact
than position control based on signal strength measurements
since additional information of the position are determined.

Thus, the solution 1s comprised of two partial aspects. On
the one hand, evaluating the phase jump 1n the z component
of a sensor coil of the receiver coil array when crossing a
transmitter coil (ground coil) 110 1n combination with
unbalanced transmitter signals 106 for clear differentiation
between the 1mside and outside of the transmitter coil 110.
This principle 1s extended by using a 3D receiver coil 102.
On the other hand, by evaluating the receiver field strengths
in a 3D receiver coil 102, a directional vector to the field
source (ground coil 110) can be determined. If several
vectors of such 3D receiver coils 102 are combined, posi-
tioning 1ndications can be generated thereirom.

In the following, the mode of operation of the measuring
device shown 1n FIG. 1a will be described 1n detail.

If an electric alternating signal, e.g., a sinusoidal or
triangular current signal 106, 1s directed through a conductor
loop array 110 (e.g., a transmitter coil or first coil), a
magnetic alternating field 108, which can be received by a
receiver conductor loop array (e.g., a recerver coil or second
coil) 111, results 1in a near field around this conductor loop
array 110. The current position can be determined by ana-
lyzing the received signal (magnetic field component sig-
nal), since the phase of the received signal comprises a shiit,
1.€., 1s rotated by 180° as shown 1n FIG. 2 when passing or
crossing over the conductor loop array 110 (transmuitter coil).

FIG. 2 shows a schematic view of a conductor loop array
110 and a recerver coil array 102 with a z co1l 116_3 as well
as 1n a diagram a curve of the magnetic field component
signal of the z coil 116_3 when the receiver coil array 102
crosses a first conductor region 110_1 with the z coi1l 116_3
of the conductor loop array 110 along the direction of
movement 120 shown 1n FIG. 2. In the diagram, the ordinate
describes both amplitude 122 and phase 124 of the magnetic
field component signal of the z coil 116_3 while the abscissa
describes the normalized distance in x direction of the
receiver coil array 102 to the conductor region 110_1 of the
conductor loop array 110. FIG. 2 further shows sectional
views of the first conductor region 110_1 of the conductor
loop array 110 as well as a second conductor region 110_2
of the conductor loop array 110 together with field lines 108
of the magnetic field generated by a current flow through the
first and second conductor regions 110_1 and 110_2.

It follows from the diagram in FIG. 2 that the magnetic
field component signal of the z coi1l 116_3 comprises a phase
jump 1n the moment when the z coil 116_3 crosses the first
conductor region 110_1 of the conductor loop array 110. In
detail, the magnetic field component signal of the z coil
116_3 comprises the phase jump when a projection of the
coil area (e.g., active area and sensor area) of the z coil
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116_3 1s orthogonal to the first conductor loop region 110_1
of the conductor loop array 110.

When the recerver coil array 102 1s moved further along
the direction of movement 120, the magnetic field compo-
nent signal of the z coil 116_3 has a further phase jump when
the z coil 116_3 crosses the second conductor region 110_2
of the conductor loop array 110.

FIG. 3 shows a schematic view of the conductor loop
array 110, a cross-section of the current-carrying second
conductor region 110_2 of the conductor loop array 110
together with field lines 108 of the magnetic field generated
by the current-carrying conductor region 110_2 of the con-
ductor loop array 110, as well as 1n a first diagram 134 a
curve of a voltage 138 induced at a first position 136 of the
receiver coil array 102 into the z coil 116_3 plotted over
time, and 1 a second diagram 140 a curve of a voltage
induced at a second position 142 of the recerver coil array
102 into the z coil 116_3 plotted over time. Further, in the
first diagram 134 and the second diagram 140, a curve of the
current 106 through the second conductor region 110_2 of
the conductor loop array 110 1s shown.

As can be seen 1n FIG. 3, depending on the position 136
and 142 of the z co1l 116_3, which 1s aligned in z direction,

relative to the current-carrying conductor region 110_2 of
the conductor loop array 110 a different characteristic volt-
age 138 and 144 1s induced 1n the z coil 116_3 when, for
example, an unbalanced signal (alternating current signal)
106, such as a triangular signal, 1s used. A possible evalu-
ation method 1n a circuit 1s measuring the time between
rising and falling edges of the voltage curves 138 and 144 of
the voltages induced in the z coil 116_3 shown i FIG. 3.

Further, it 1s possible to route signals via a Schmitt trigger
and subsequently make a unique allocation of the coil signal
to a conductor side by integrating the induced coil signal
(magnetic field component signal) and a comparison with an
average value of the received signal, since due to the phase
jump on the one side of the conductor region 110_2 (e.g.,
first position 136) a smaller integration value than on the
other side of the conductor region 110_2 (e.g., second
position 142) results.

Thus, the measuring device 100 can additionally evaluate
the amplitude of the magnetic field component signal (re-
ceiver signal) 112. In an unbalanced signal shape of the
current 106 running through the conductor loop array 110
(ground coil), this position information can be determined
without knowing the previous position of the receiver coil
arrangement (sensor coil) 102 merely based on the imnduced
voltage. The respective signals are 1llustrated 1n FIG. 3.

Contrary to embodiments of the present invention, two
states can be determined with the system known from DE 10
2013 214 238, namely “inside/outside” with respect to the
conductor loop. The structure of the system described there
allows also the detection of a third state, “above the limit”.
This state results as a limit state when passing or crossing
from 1nside to outside or vice versa, since there both sides
cancel each other 1n their signal portions of the z component.
For clearly detecting this state, however, several orthogonal
coils have to be used or, 1n addition to the phase, the signal
strength has to be sampled. Here, the system assumes that
the current tlow 1s rotated neither by the transmitter coil nor
by the sensor coil, since this would change the allocation of
the states. However, this can be prevented on the side of the
sensor coil by additional position sensors or can be consid-
ered accordingly 1n the evaluation.

By contrast, the combination of the technical eflects
described below 1s used in embodiments.
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FIG. 4a shows a schematic view of the conductor loop
array (ground coil) 110 and the z coil 116_3 of the receiver
coill array 102. As can be seen 1n FIG. 4a, the conductor loop
arca 113 of the conductor loop array 110 and the coil area
119 of the z coil 116_3 are aligned parallel to one another.
Here, the conductor loop area 113 of the conductor loop
array 110 1s within a plane that 1s spanned by the conductor
loop array 110 and 1s limited by the conductor loop array

110. The coil area 119 of the z coil 116_3 1s within a plane

that 1s spanned by the z coi1l 116_3 and 1s limited by the z coil
116_3. In other words, the conductor loop array 110 and the
7z coil 116_3 are arranged along directions which run parallel
to the z axis.

FIG. 4b shows a schematic view of the conductor loop
array 110, the x coil 116_1, the receiver coil array 102,
cross-sections of the first and second current-carrying con-
ductor region 110_1 of the conductor loop array as well as
field lines 108 of the magnetic field which 1s caused by the
current tlow through the first conductor region 110_1 and the
second conductor region 110_2. In other words, FIG. 4
shows on the left side the new perpendicular alignment (X,
y alignment) and on the right side an enlargement. Here
exists an option for side allocation by the phase jump of the
magnetic field component signals of the x coil 116_1 and the
y coil 116_2. For the following explanations, 1t 1s assumed
exemplarily that the x coil 116_1 of the receiver coil array
102 1s moved along a direction of movement 120 that runs
anti-parallel to the x axis.

Thus, 1t follows from FIG. 4a 1n combination with FIG.
2 that when the two coil areas of ground coil (transmitter)
110 and sensor coil (receiver, e.g., zco1l 116_3) are arranged
parallel to one another, the phase jump occurs when moving
the recetver coil (e.g., z coil 116_3) from outside to nside
or from side to outside of the conductor loop array
(transmitter coil) 110.

If, however, the recerver coil area 1s arranged orthogo-
nally to the conductor loop area (transmitter coil area), as 1s
the case, for example, in the x coil 116_1 and shown 1n FIG.
4b, the phase jump occurs when passing over the conductor
loop array (transmitter coil) 110 when the receiver coil (e.g.,
x coil 116_1) leaves the sphere of intluence of the one side
(e.g., to the right of the geometric center and centroid,
respectively, of the conductor loop array and flow coil 110,
respectively) of the conductor loop array (transmitter coil)
110 and enters the sphere of influence of the other side (e.g.,
to the left of the geometric center and centroid, respectively,
of the conductor loop array and ground coil 110, respec-
tively). During this movement, also, passing and crossing,
respectively, of the center (geometric center and centroid,
respectively) of the conductor loop array 110) can be
detected since the signals of the two sides cancel each other.

If these considerations are combined and a third coil (e.g.,
y coil 116_2) 1s added, which 1s perpendicular to the other
two (3D coil), an arrangement results that detects three states
in X, v and z direction, which allows, for example, 1n a
circular conductor loop array (ground coil) a division nto
theoretically 27, practically 26 different areas as will be
discussed below.

FIG. 5a shows a schematic view of 3 x coarse regions
152 _x0 to 152_x2 of a positioming arca 151 that the mea-
suring device 100 can determine based on the magnetic field
component signal of the x coil 116_1.

The positioning area 151 (limited by the ring 150 1n FIG.
5a) that can be allocated to the conductor loop array 110 can
run parallel to a conductor loop plane that 1s spanned by the
conductor loop array 110. Here, the positioning area can be
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of the same size or greater than the conductor loop area 130
which 1s within the conductor loop plane and limited by the
conductor loop array 110.

In embodiments, the evaluation means 104 can be con-
figured to evaluate the magnetic field component field signal
of the x coil 116_1 for determining a phase relation between
the magnetic field component signal of the x coil 116_1 and
the electric alternating current signal. Here, the phase rela-
tion can comprise coarse position mmformation of the x coil
116_1 relative to the conductor loop array 110 as will be
discussed below.

When the x co1l 116_1 crosses the conductor loop array
110 completely 1n x direction, the phase relation between the
magnetic field component signal of the x coil 116_1 and the
clectric alternating current signal 106 comprises a phase
jump when the x co1l 116_1 crosses the geometric center and
centroid, respectively, of the conductor loop array 110. Prior
to the occurrence of the phase jump, the phase relation
comprises a first phase, whereas after the occurrence of the
phase jump, the phase relation comprises a second phase.

Accordingly, the phase relation between the magnetic
field component signal of the x coil 116_1 and the electric
alternating current signal 106 can assume three different
states depending on the position of the x coil 116_1 relative
to the conductor loop array 110, namely a phase jump (state
0), a first phase (state 1), e.g., —90° and a second phase (state
2), e.g., +90°. Thus, the phase relation comprises coarse
position information which indicates, depending on the
current phase relation between the magnetic field component
signal of the x coil 116_1 and the electric alternating current
signal 106, one of three possible x coarse regions 152_x1 to
152 x3, wherein the three possible x coarse regions 152_x1
to 152_x3 do not overlap and intersect, respectively.

Analogously, FIG. 55 shows a schematic view of three y
coarse regions 152_y0 to 152_y2 of the positioning area 151
that the measuring means 100 can determine based on the
magnetic field component signal of they coil 116_2, while
FIG. 5¢ shows a schematic view of three z coarse regions
152 z0 to 152_z2 of the positioning area 151 that the
measuring means 100 can determine based on the magnetic
field component signal of the z coil 116_3.

In a schematic view, FIG. 6a shows coarse regions that are
indicated by the coarse position information of the phase
relations of the magnetic field component signals of the x
coil 116_1, y coi1l 116_2 and z coil 116_3 as well as a fine
region resulting from the intersection of the indicated coarse
regions.

In FIG. 64, the phase relation between the magnetic field
component signal of the x coil 116_1 and the electric
alternating current signal 106 comprises a phase jump (state
0), such that the first coarse position information indicates
the first x coarse region 152_x0. The phase relation between
the magnetic field component signal of the v coil 116_2 and
the electric alternating current signal 106 comprises a sec-
ond phase (state 2), such that the second coarse position
information 1ndicates the third y coarse region 152_y2. The
phase relation between the magnetic field component signal
of the z co1l 116_3 and the electric alternating current signal
106 comprises a first phase (state 1), such that the third
coarse position nformation indicates the second z coarse
region 152_~1.

The indicated coarse regions 152_x0, 152_y2 and 152_~1
overlap 1n the fine region 154_x0_ 32 z1. The fine region
154 x0_y2_z1 indicates the position of the receiver coil
array 102 relative to the conductor loop array 110.

In a schematic view, FIG. 6b shows coarse regions
indicated by the coarse position information of the phase
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relations of the magnetic field component signals of the x
coil 116_1, y coil 116_2 and z coil 116_3, as well as a fine
region resulting from the intersection of the indicated coarse
regions.

In FIG. 65, the phase relation between the magnetic field
component signal of the x coil 116_1 and the electric
alternating current signal 106 comprises a first phase (state
1), such that the first coarse position information indicates
the second x coarse region 152_x1. The phase relation
between the magnetic field component signal of the y coil
116_2 and the electric alternating current signal 106 com-
prises a first phase (state 1), such that the second coarse
position information indicates the second vy coarse region
152 y1. The phase relation between the magnetic field
component signal of the z coil 116_3 and the electric
alternating current signal 106 comprises a phase jump (state
0), such that the third coarse position information indicates
the first z coarse region 152_z0.

The indicated coarse regions 152_x1, 152_y1 and 152_~1
overlap 1n the fine region 154_x1_y1_z0. The fine region
154_x1_yl1_z0 indicates the position of the receiver coil
array 102 relative to the conductor loop array 110.

In a schematic view, FIG. 6¢ shows coarse regions that are
indicated by the coarse position information of the phase
relations of the magnetic field component signals of the x
co1l 116_1, y coil 116_2 and the zco1l 116_3 as well as a fine
region resulting from the intersection of the indicated coarse
regions.

In FIG. 6c¢, the phase relation between the magnetic field
component signal of the x coil 116_1 and the electric
alternating current signal 106 comprises a second phase
(state 2), such that the first coarse position information (or
X coarse position information) indicates the third x coarse
region 152_x2. The phase relation between the magnetic
field component signal of the y coil 116_2 and the electric
alternating current signal 106 comprises a phase jump (state
0), such that the second coarse position mformation (or y
coarse position imformation) indicates the second y coarse
region 152_y0. The phase relation between the magnetic
field component signal of the z coil 116_3 and the electric
alternating current signal 106 comprises a second phase
(state 2), such that the third coarse position information (or
7 coarse position information) indicates the third z coarse
region 152_72.

The indicated coarse regions 152_x2, 152_y0 and 152_22
overlap 1n the fine region 154_x2_y0_z2. The fine region
154_x2_10_z2 shows the position of the receiver coil array
102 relative to the conductor loop array 110.

FIG. 7 shows a schematic view of the conductor loop
array 110 as well as the positioning area 151 which 1s limited
by the circle 150 and allocated to the conductor loop array
110. In other words, FIG. 7 shows the individual fields and
sections and sectors, respectively, in an example with a
circular conductor loop array (ground coil) 110. Due to the
superposition of the coarse regions indicated by the coarse
position mformation which can be inferred from the phase
relations between the three magnetic field components sig-
nals 112 and the electric alternating current signal 106, the
26 possible fine regions shown 1n FIG. 7 result. Theoret-
cally, 27 different fine regions are possible but state 002 does
not appear 1n a real setup.

As can be seen 1 FIG. 7, each of the fine regions can be
described by a three-digit state. The first digit of the three-
digit state indicates the coarse position mformation of the x
coil 116_1, while the second digit of the three-digit state
indicates the coarse position information of the v coil 116_2
and while the third digit of the three-digit state indicates the
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coarse position information of the z coil 116_3. Each digit
of the three-digit state can here assume the values 0, 1 or 2.
The possible states are summarized 1n the subsequent table:

State X coil y coil z coll

0 undefined undefined undefined
1 right top inside

2 left bottom outside

Thus, FIG. 7 shows the distinguishable states when a 3D
sensor coil 102 1s moved over the conductor loop array
(ground coil) 110. The state 0 and undefined, respectively,
refers to the position where the indications of direction that
can be determined from the unbalanced transmission signal

just cancel each other and hence result 1n an undefined state
which can also be detected and evaluated as such. This
applies 1n particular since here, no decision can be made
based on the magnetic field component signal but the
magnetic field component signal itself can be detected. If all
three coils of the 3D sensor coil 102 indicate this state, this
means that this sensor coil 102 1s outside the signal range of
the conductor loop array (ground coil) 110, which 1s 1ndi-
cated by the state 000 1n FIG. 7.

If several such receiver coil arrays 102 are additionally
integrated in the receiver side of a coil system, where the
mutual coverage 1s to be maximized, and the respective
signal 1s transmitted on the other side, this principle can be
applied several times.

Additionally, by field strength measurements at the 3D
sensor coils 110 with a certain accuracy (depending on the
number and position of the sensor coils), the current posi-
tiomng of the system coils 110 and 111 to one another can
be inferred and respective correction data for positioming the
transmission system can be obtained. Additionally, addi-
tional sensor coils can be added to the system of FIG. 15
which can be evaluated by the evaluation means according,
to device 100.

FIG. 8a shows a schematic view of a conductor loop array
110 and a measuring device 100 having three receiver coil
arrays 102_1 to 102_3. The evaluation of the magnetic field
component signals of the two further receiver coil arrays
102_2 and 102_3 by the evaluation means 1s performed
analogously to the evaluation of the receiver coil array
102_1.

In embodiments, directional information can be allocated
to the fine regions 154 of the positioning area, which
indicate the geometric centroid and center, respectively, of
the conductor loop array 110, wherein the evaluation means
104 can be configured to output a directional signal, which
indicates and shows, respectively, an estimated direction to
the geometric centroid of the conductor loop array 110,
based on the directional information allocated to the fine
region resulting from the intersection of the indicated coarse
regions.

With reference to FIG. 8a, the evaluation means 102 can
accordingly determine first directional information 180_1
based on the magnetic field component signals of the first
receiver coil array 102_1, second directional information
180_2 based on the magnetic field component signals of the
second recerver coil array 102_2 and third directional infor-
mation 180_3 based on the magnetic field component sig-
nals of the third receiver coil array 102_3. These three pieces
of directional information 180 1, 180 2. and 180 3 can be
combined to obtain resulting directional information 182 as
shown 1n FIG. 8a. The resulting directional information 182
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can pomt from a current position 184 of the measuring
device to the geometric center and centroid 186, respec-
tively, of the conductor loop array 110. Here, the current
position 184 can be a geometric centroid and center, respec-
tively, of a (receiver) conductor loop array 111 of a vehicle,
wherein the three receiver coil arrays 102_1 to 102_3 of the
measuring device 100 can be arranged at equal intervals
(equidistant) to the geometric center and centroid, respec-
tively, of the (receiver) 184 conductor loop array 111.

Further, in FIG. 8a, exemplarily, relative target positions
187 _1 to 187_3 of the recerver coil arrays 102_1 to 102_3

are marked. Current positions of the receiver coil arrays
102_1 to 102_3 correspond to the relative target positions
187 1 to 187_3 when the current position 184 of the
measuring device e.g., the geometric center and centroid,
respectively, of the (receiver) conductor loop array 111
corresponds to the geometric center and centroid 186,
respectively, of the conductor loop array 110.

FIG. 85 shows a schematic view of a conductor loop array
110 and a measuring device 100 having six receiver coil
arrays 102_1 to 102_6. Here, the evaluation means 102 can
determine first directional information 180 1 based on the
magnetic field component signals of the first receiver coil
array 102_1, second directional information 180_2 based on
the magnetic field component signals of the second receiver
coil array 102_2, third directional information 180_3 based
on the magnetic ficld component signals of the third receiver
coil array 102_3, fourth directional information 180_4 based
on the magnetic ficld component signals of the fourth
receiver coil array 102_4, fifth directional information
180_5 based on the magnetic field component signals of the
fifth receiver coil array 102_5, and sixth directional infor-
mation 180_6 based on the magnetic field component sig-
nals of the sixth receiver coil array 102_6. The six pieces of
directional information 180 1 to 180 6 can be combined to
obtain resulting directional information 182 as shown 1n
FIG. 8b. Here, the resulting directional information 182 can
point from a current position 184 of the measuring device to
the geometric center and centroid 186, respectively, of the
conductor loop array 110. Here, the current position 184 can
be a geometric centroid and center, respectively, of a (re-
ceiver) conductor loop array 111 of a vehicle, wherein the
three recerver coil arrays 102_1 to 102_6 of the measuring
device 100 can be arranged at equal intervals (equidistant) to
the geometric center and centroid, respectively, 184 of the
(receiver) conductor loop array 111.

Further, in FIG. 85, exemplarily, relative target positions
187 _1 to 187_6 of the recerver coils array 102_1 to 102_6
are marked. Current positions of the receiver coil arrays
102_1 to 102_6 correspond to the relative target positions
171_1 to 187_6 when the current position 184 of the
measuring device, for example, the geometric center and
centroid, respectively, of the (receiver) conductor loop array
111 corresponds to the geometric center and centroid, 186,
respectively, of the conductor loop array 110.

In other words, FIG. 8a shows a large conductor loop
array (ground coil) 110 and three receiver coil arrays (sensor
coils) 102_1 to 102_2. Here, the conductor loop array 110
emits a position signal. Fach of the receiver coil arrays
(sensor coils) 102_1 to 102_3 can provide a single vector
180_1 to 180_3, based on phase measurements, relative to
the target position (geometric center and centroid 186,
respectively of the conductor loop array 110). When these
single vectors 180_1 to 180_3 are combined, a directional
indication to the correct position 186 results from the
resulting vector 182. In the following, 1t will described how
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the accuracy of this result which 1s only based on the phase
measurement can be improved.

If a phase and amplitude measurement 1s performed, the
field vector 182 can be determined more accurately. If the
number of sensor coils 1s increased, the accuracy of the
resulting vector for position correction will also be increased
as shown in FIG. 8b. This evaluation relates only to signal
evaluation (amplitude/phase) with 3D sensor coils 1ndepen-
dent of the signal shape of the transmission signal. If this
method 1s combined with the above described unbalanced
signal, the accuracy of positioning can be increased further.

The described system can also be inverted such that the
moveable system part emits the positioning signal.

FIG. 9 shows a flow diagram of a measuring method 200
according to an embodiment of the present invention. The
measuring method 200 includes a step 202 of detecting three
magnetic field components of a magnetic field of a conduc-
tor loop array generated by an electric alternating current
signal, wherein the magnetic field components are detected
along linearly independent directions; a step 204 of provid-
ing a magnetic field component signal for each of the
detected three magnetic field components; and a step 206 of
evaluating the magnetic field component signals for deter-
mimng, for the magnetic field component signals, allocated
phase relations to the electric alternating current signal,
wherein the phase relations each comprise coarse position
information of the receiver coil array relative to the trans-
mitter coil array, wherein evaluating comprises determining
a resulting intersection of the coarse position information,
wherein the resulting intersection comprises/results 1n fine
position information of the recerver coil array relative to the
conductor loop array.

As already mentioned, when transmitting data and/or
energy by means of coupled coils (conductor loop arrays),
exact positioning of the coils mvolved 1n the transmission
with respect to one another 1s decisive for eflicient and
error-free transmission. In the following, a data transmission
device will be described where the transmission of data 1s
performed by means of coupled coils (conductor loop

arrays). The above-described features can also be applied or
transferred to the data transmission device.

FIG. 10 shows a schematic block diagram of a data
transmission device 119 according to an embodiment of the
present invention. The data transmission device comprises a
data transceiver 192, a recerver coil array 102, an evaluation
means 104 and a control means 194. The receiver coil array
102 1s configured to detect at least one magnetic field
component of a magnetic field 108 of a conductor loop array
110 generated by an electric alternating current signal 106 of
a further data transmission device 198 and to provide a
magnetic field component signal 112 for the detected mag-
netic field component 108. The evaluation means 104 1s
configured to evaluate the magnetic field component signal
112 for determining a phase relation between the magnetic
field component signal 112 and the electric alternating
current signal 106, wherein the phase relations comprise
position information that indicate whether projection of the
receiver coil array 102 1s perpendicular to a conductor loop
area 1nside the conductor loop area, wherein the conductor
loop area 1s within a plane that 1s spanned by the conductor
loop array 110, and wheremn the conductor loop area 1is
limited by the conductor loop array 110. The control device
194 1s configured to enable data transmission of the data
transceiver 192 only when the projection of the receiver coil
array 110 1s perpendicular to the conductor loop area nside
or outside the conductor loop area.
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In embodiments, the receiver coil array 102 can be
configured to detect a magnetic field component of the
magnetic field of the conductor loop array that runs orthogo-
nally to the conductor loop array 113. For this, the receiver
coil array 102 can comprise, for example, the z coil 116_3.

Obviously, the recerver coil array 102 can also comprise
the x co1l 116_1 and/or y coi1l 116_2, wherein the evaluation
means 104 can be configured to determine the position of the
receiver coil array 102 relative to the conductor loop array
110 further based on the magnetic field component signals of
the x coi1l 116_1 and y coil 116_2. In other words, the data
transmission device 190 can comprise the above-described
measuring device 100, wherein the control device 194 can
be configured to enable, based on the fine position deter-
mined by the evaluation means 104, the data transmission of
the data transceiver 192.

With the above described device 100 and the above
described method 200, respectively, it 1s hence also possible
to ensure also 1n an iductive data transmission system that
transmission can only take place when the recerver coil 1s
inside 113 or even at a specific position inside 113 the
transmitter coil 110. For this, the receiver coil 116 _3 can be
geometrically smaller than the transmitter coil 110 of the
system and the signal evaluation can be applicable as
basically shown 1n FIG. 3, respectively. The step of position
determination can take place, e.g., prior to the actual com-
munication transmission. Thereby, 1n particular in adjacent
transmission stations, erroneous allocation of the commu-
nication partners, €.g. due to overshoots, 1s prevented, cf.
FIG. 11.

FIG. 12 shows a flow diagram of a method for data
transmission between a data transmission device and a
turther data transmaission device. The method includes a step
222 of detecting a magnetic field component of a magnetic
field of a conductor loop array generated by an electric
alternating current signal; a step 224 of providing a magnetic
field component signal for the detected magnetic field com-
ponent; a step 226 of evaluating the magnetic field compo-
nent signal to determine a phase relation between the
magnetic field component signal and the electric alternating
current signal, wherein the phase relations comprise position
information indicating whether a projection of the receiver
coil array 1s perpendicular to a conductor loop area 1nside the
conductor loop area, wherein the conductor loop area 1is
within a plane that 1s spanned by the conductor loop array,
and wherein the conductor loop area 1s limited by the
conductor loop array; and a step 228 of enabling the data
transmission between the data transmission device and the
turther data transmission device as long as the projection of
the recerver coil array 1s perpendicular to the conductor loop
area 1nside or outside the conductor loop area.

Although some aspects have been described 1n the context
of an apparatus, 1t 1s obvious that these aspects also represent
a description of the corresponding method, such that a block
or device of an apparatus also corresponds to a respective
method step or a feature of a method step. Analogously,
aspects described in the context of a method step also
represent a description of a corresponding block or detail or
feature of a corresponding apparatus. Some or all of the
method steps may be executed by (or using) a hardware
apparatus, like, for example, a microprocessor, a program-
mable computer or an electronic circuit. In some embodi-
ments, some or several of the most important method steps
may be executed by such an apparatus.

Depending on certain 1mplementation requirements,
embodiments of the invention can be implemented 1n hard-
ware or 1n software. The implementation can be performed
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using a digital storage medium, for example a floppy disk,
a DVD, a Blu-Ray disc, a CD, an ROM, a PROM, an
EPROM, an EEPROM or a FLASH memory, a hard drive or
another magnetic or optical memory having electronically
readable control signals stored thereon, which cooperate or
are capable of cooperating with a programmable computer
system such that the respective method 1s performed. There-
tore, the digital storage medium may be computer readable.

Some embodiments according to the invention include a
data carrier comprising electronically readable control sig-
nals, which are capable of cooperating with a programmable
computer system, such that one of the methods described
herein 1s performed.

Generally, embodiments of the present invention can be
implemented as a computer program product with a program
code, the program code being operative for performing one
of the methods when the computer program product runs on
a computer.

The program code may for example be stored on a
machine readable carrier.

Other embodiments comprise the computer program for
performing one of the methods described herein, wherein
the computer program 1s stored on a machine readable
carrier. In other words, an embodiment of the inventive
method 1s, therefore, a computer program comprising a
program code for performing one of the methods described
herein, when the computer program runs on a computer.

A further embodiment of the inventive methods 1s, there-
fore, a data carnier (or a digital storage medium or a
computer-readable medium) comprising, recorded thereon,
the computer program for performing one of the methods
described herein.

A further embodiment of the inventive method 1s, there-
fore, a data stream or a sequence of signals representing the
computer program Ilor performing one of the methods
described herein. The data stream or the sequence of signals
may for example be configured to be transierred via a data
communication connection, for example via the Internet.

A further embodiment comprises a processing means, for
example a computer, or a programmable logic device, con-
figured to or adapted to perform one of the methods
described herein.

A further embodiment comprises a computer having
installed thereon the computer program for performing one
of the methods described herein.

A further embodiment according to the mmvention com-
prises an apparatus or a system configured to transmit a
computer program Ilor performing one of the methods
described herein to a receiver. The transmission can be
performed electronically or optically. The receiver may, for
example, be a computer, a mobile device, a memory device
or the like. The apparatus or system may, for example,
comprise a file server for transferring the computer program
to the recerver.

In some embodiments, a programmable logic device (for
example a field programmable gate array, FPGA) may be
used to perform some or all of the functionalities of the
methods described herein. In some embodiments, a field
programmable gate array may cooperate with a micropro-
cessor 1n order to perform one of the methods described
herein. Generally, the methods are performed by any hard-
ware apparatus. This can be a universally applicable hard-
ware, such as a computer processor (CPU) or hardware
specific for the method, such as ASIC.

While this imvention has been described in terms of
several advantageous embodiments, there are alterations,
permutations, and equivalents which fall within the scope of
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this invention. It should also be noted that there are many
alternative ways of implementing the methods and compo-
sitions of the present mnvention. It 1s therefore intended that
the following appended claims be interpreted as including
all such alterations, permutations, and equivalents as fall
within the true spirit and scope of the present invention.

The mvention claimed 1s:

1. A measuring device, comprising;

a recerwver coil array that 1s configured to detect three
magnetic field components of a magnetic field of a
conductor loop array generated by an electric alternat-
ing current signal and to provide a magnetic field
component signal for each of the detected three mag-
netic field components, wherein the receiver coil array
1s configured to detect the three magnetic field com-
ponents along linearly imdependent directions; and

an evaluator configured to evaluate the magnetic field
component signals for determining, for the magnetic
field component signals, allocated phase relations to the
clectric alternating current signal, wherein the phase
relations each comprise coarse position information of
the recerver coil array relative to the conductor loop
array, and wherein the evaluator 1s configured to deter-
mine a resulting intersection of the coarse position
information, wherein the resulting intersection com-
prises fine position information of the receiver coil
array relative to the conductor loop array.

2. The measuring device according to claim 1, wherein a
positioning area 1s allocated to the conductor loop array,
wherein the positioning area runs parallel to a conductor
loop plane that 1s spanned by the conductor loop array and
wherein the positioning area 1s of the same size or greater
than a conductor loop area that 1s within the conductor loop
plane and 1s limited by the conductor loop array; and

wherein the coarse position information each indicates a
coarse region of several possible coarse regions of the
positioning area, wherein the coarse regions indicated
by the coarse position information overlap.

3. The measuring device according to claim 2, wherein the
fine position information indicates a fine region of several
possible fine regions of the positioning area resulting from
the 1ntersection of the indicated coarse regions.

4. The measuring device according to claim 3, wherein the
evaluator 1s configured to output a position signal based on
the fine region resulting from the intersection of the indi-
cated coarse regions, indicating a position of the receiver
coil array relative to the conductor loop array.

5. The measuring device according to claim 3, wherein
directional information pointing to the geometric centroid of
the conductor loop array 1s allocated to the fine regions of
the positioning area, wherein the evaluator 1s configured to
output a directional signal indicating an estimated direction
to the geometric centroid of the conductor loop array based
on the directional imnformation allocated to the fine region
resulting from the intersection of the indicated coarse
regions.

6. The measuring device according to claim 2, wherein the
phase relations that are allocated to the magnetic field
component signals are respectively one of a first phase, a
second phase or a phase jump, wherein the coarse position
information comprised by the phase relations indicates in the
phase jump a first coarse region of the possible coarse
regions, wherein the coarse position information indicates in
the first phase a second coarse region of the possible coarse
regions and wherein the coarse position mformation indi-
cates 1 the second phase a third coarse region of the
possible coarse regions, wherein the first coarse region, the
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second coarse region and the third coarse region that are
indicated by the respective coarse position imformation do
not overlap.
7. The measuring device according to claim 1, wherein the
magnetic field of the conductor loop array 1s generated by an
unbalanced electric alternating current signal; and
wherein the evaluator 1s configured to evaluate the mag-
netic field component signals for determining ampli-
tude curves of the magnetic field components, wherein
the amplitude curves each comprise additional position
information of the receiver coil array relative to the
conductor loop array, and wherein the evaluator is
configured to combine the additional position informa-
tion and the coarse position information or fine position
information.
8. The measuring device according to claim 1, wherein the
phase relation 1s a phase shift to the electric alternating
current signal or a phase jump.
9. The measuring device according to claim 1, wherein a
first phase-relation allocated to a first magnetic field com-
ponent signal of the magnetic field component signals
comprises a phase jump when crossing a conductor region of
the conductor loop array.
10. The measuring device according to claim 1, wherein
at least a second phase relation allocated to a second
magnetic field component signal of the magnetic field com-
ponent signals comprises a phase jump when crossing a
geometric centroid of the conductor loop array.
11. The measuring device according to claim 1, wherein
the three linearly independent directions are orthogonal
directions.
12. The measuring device according to claim 1, wherein
the receiver coil array comprises three coils that are arranged
relative to one another to detect the three magnetic field
components of the generated magnetic field of the conductor
loop array.
13. A positioning system, comprising;:
The measuring device according to claim 1; and
a conductor loop array.
14. Usage of a measuring device according to claim 1 for
positioning a vehicle on a charging device for charging an
clectric energy storage of the vehicle, wherein the charging
device comprises the conductor loop array.
15. A measuring method, comprising;:
detecting three magnetic field components of a magnetic
field of a conductor loop array generated by an electric
alternating current signal, wherein the magnetic field
components are detected along linearly independent
directions:
providing a magnetic ficld component signal for each of
the detected three magnetic field components; and

evaluating the magnetic field component signals for deter-
mining, for the magnetic field component signals, allo-
cated phase relations to the electric alternating current
signal, wherein the phase relations each comprise
coarse position information of the receiver coil array
relative to the transmitter coil array;

wherein evaluating comprises determining a resulting

intersection of the coarse position information, wherein
the resulting intersection comprises/results 1n fine posi-
tion information of the receiver coil array relative to the
conductor loop array.

16. A non-transitory digital storage medium having a
computer program stored thereon to perform the measuring
method, the method comprising;

detecting three magnetic field components of a magnetic

field of a conductor loop array generated by an electric
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alternating current signal, wherein the magnetic field
components are detected along linearly independent
directions:

providing a magnetic ficld component signal for each of
the detected three magnetic field components; and

evaluating the magnetic field component signals for deter-
mining, for the magnetic ficld component signals, allo-
cated phase relations to the electric alternating current
signal, wherein the phase relations each comprise
coarse position mnformation of the receiver coil array
relative to the transmitter coil array;

wherein evaluating comprises determining a resulting
intersection of the coarse position information, wherein
the resulting intersection comprises/results in fine posi-
tion information of the receiver coil array relative to the
conductor loop array, when said computer program 1s
run by a computer.

17. A data transmission device, comprising:

a data transceiver;

a receiver coil array that 1s configured to detect at least
one magnetic field component of a magnetic field of a
conductor loop array generated by an electric alternat-
ing current signal of a further data transmission device
and to provide a magnetic field component signal for
the detected magnetic field component;

evaluator configured to evaluate the magnetic field com-
ponent signal for determining a phase relation between
the magnetic ficld component signal and the electric
alternating current signal, wherein the phase relations
comprise position information indicating whether a
projection of the receiver coil array 1s perpendicular to
a conductor loop area inside the conductor loop area,
wherein the conductor loop area i1s within a plane
spanned by the conductor loop array, and wherein the
conductor loop area 1s limited by the conductor loop
array; and

a controller configured to enable data transmission of the
data transceiver only when the projection of the
receiver coil array 1s perpendicular to the conductor
loop area 1nside or outside the conductor loop area.

18. The data transmission device according to claim 17,
wherein the receiver coil array 1s configured to detect a
magnetic field component of the magnetic field of the
conductor loop array running orthogonally to the conductor
loop area.

19. Data transmission system, comprising:

a data transmission device according to claim 17; and

a Turther data transmission device with the conductor loop
array.

20. A method for data transmission between a data trans-
mission device and a further data transmission device com-
prising:

detecting a magnetic field component of a magnetic field
of a conductor loop array generated by an electric
alternating current signal;

providing a magnetic field component signal for the
detected magnetic field component;

evaluating the magnetic field component signal for deter-
mining a phase relation between the magnetic field
component signal and the electric alternating current
signal, wherein the phase relations comprise position
information indicating whether a projection of the
receiver coil array 1s perpendicular to a conductor loop
area 1nside the conductor loop area, wherein the con-
ductor loop area 1s within a plane that 1s spanned by the
conductor loop array and wherein the conductor loop
area 1s limited by the conductor loop array;
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enabling data transmission between the data transmission
device and the further data transmission device if the
projection of the receiver coil array perpendicular to the
conductor loop area 1s 1nside or outside the conductor

loop area. 5
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